Objective: People with type 2 diabetes are at an increased risk of hypertension, arteriosclerosis, heart disease, and stroke. Glucose intolerance (insulin resistance) is the main feature of type 2 diabetes. Obesity leads to insulin resistance, dyslipidemia, etc. The aim of this study was to assess the biochemical parameters and measures of obesity in type 2 diabetes mellitus (T2DM). Methods: A total of 2,273 males and 6,547 females previously healthy volunteers (aged 41-95 years old) were recruited by open invitation. The basic information, including age, sex, height, weight, body mass index (BMI), waistline, hipline, menstrual cycle, and medical history, was collected by questionnaire survey and physical examination. Serum lipid profile, liver transaminase, blood glucose, postprandial blood glucose, and hemoglobin A1c were obtained after 12 hours of fasting. Results: According to our results, diabetic patients presented serum lipid abnormality. Elevated triglyceride (TG) levels ($1.7 mmol/L) were noted in 19.69% of males and 20.40% of females, and reduced high-density lipoprotein cholesterol (HDL-C) levels (#1.15 mmol/L) were noted in 21.96% of males and 15.74% of females. The combination of elevated TG and reduced HDL-C was the most prevalent of the combined lipid abnormalities. In contrast, no differences were observed in the levels of low-density lipoprotein cholesterol and total cholesterol. Moreover, there were statistically significant differences in the levels of BMI and waistline between T2DM and non-T2DM participants. After adjustment for BMI, logistic regression analysis revealed that the subjects with BMI #20 kg/m 2 and .30 kg/m 2 had a significantly elevated hazard ratio of T2DM compared with participants having a BMI range of 20 -30 kg/m 2 in both males and females. However, there was a significant difference between T2DM patients and non-T2DM patients in waistline (χ 2 =8.57, P,0.001) than in BMI parameter (χ 2 =6.29, P,0.001).
Introduction
Type 2 diabetes mellitus (T2DM) is a well-known disease in both developing and developed countries. In addition to being a chronic disease, obesity is a key risk factor for T2DM, cardiovascular disease (CVD), hypertension, respiratory disease, and other chronic noninfectious diseases and is becoming an important global public health problem that leads to disability, which adversely affects the individual's quality of life and increases his or her financial burden on the state. [1] [2] [3] Even the prevalence of obesity in the People's Republic of China is not as high as that in developed countries; however, in recent years, it has shown an epidemic trend, and obesity-related metabolic syndrome in the People's Republic of China has received widespread attention. 4 To account for the correlation between obesity and T2DM, body mass index (BMI) has been introduced as a composite covariate for adjustment in T2DM studies. BMI is obtained by dividing weight by the square of height (ie, kg/m 2 ). In developed countries, subjects with a BMI $25 kg/m 2 are defined as overweight and those with a BMI $30 kg/m 2 are defined as obese, and there are good associations and positive predictive effects between BMI and obesity-related chronic diseases. 5, 6 Even though BMI captures the degree of overweight and obesity, it ignores body fat distribution. Visceral fat tissue is metabolically more active than nonvisceral fat and secretes more hormones and cytokines, which might be important for the development of diabetes. 7, 8 It is a simple way to assess the levels of visceral fat using the measurement of waistline. 9 However, it is also reported that most patients with type 2 diabetes could have dyslipidemia at varying degrees, characterized by increased levels of triglyceride (TG) and decreased serum high-density lipoprotein cholesterol (HDL-C). When this characteristic lipid profile is seen in T2DM, it is referred to as diabetic dyslipidemia and confers a risk of CVD. Insulin resistance and T2DM are generally accompanied by low levels of HDL-C and high TG. [10] [11] [12] Both obesity and dyslipidemia are closely related to T2DM and share a common pathogenesis associated with "insulin resistance". However, the association between serum lipid profile, BMI, and T2DM has not been assessed simultaneously in both Chinese men and women. We aimed to investigate this relationship and make an evaluation of the serum lipid profile and BMI in Chinese patients with T2DM in this setting.
Methods Subjects
A total of 10,300 subjects (2,665 males and 7,635 females aged 40-95 years) who voluntarily requested to be hospitalized for a 2-day complete physical check-up during 2012-2015 were enrolled in this study. The exclusion criteria for the present study were as follows: type 1 diabetes mellitus (DM), noninsulin-dependent DM, severe scoliosis, polio, hyper-or hypothyroidism, impaired renal function, significant chronic lung disease, apparently abnormal liver function, rheumatoid arthritis or collagen disease, malignancies, or a history of alcoholism, heavy smoking (.1 pack/d), hysterectomy, estrogen use, oophorectomy, and corticosteroid use. Finally, 2,273 healthy males aged 41-95 years (median 60 years) and 6,547 healthy females aged 41-95 years (median 57 years) were classified to be eligible for the present study. All the subjects came from a local population of Dalian city, which is located in the northern part of the People's Republic of China. All the study subjects belonged to the Han Chinese ethnic group, which comprises ~90% of the total population of the People's Republic of China. Before entering the project, all subjects signed informed consent documents, and the protocols for the study were reviewed and approved by the Ethics Committee of the Dalian Central Hospital (Dalian, People's Republic of China). For each study subject, basic information, including age, sex, family history, inheritance history, and medical history, was obtained from self-administered questionnaires. The menstrual history of each woman was recorded during an individual interview. Menopause was defined as the absence of any menstrual cycle for at least 1 year. Height, weight, waistline, and hipline were measured during the interview, with subjects wearing light indoor clothes without shoes.
Laboratory measurement
The biochemical parameters, including fasting blood glucose (FBG), postprandial blood glucose (PBG), hemoglobin A1c (HbA1c), total cholesterol (TC), TG, and serum HDL-C, were measured using an Abbott Diagnostics C8000i autoanalyzer (Abbott Laboratories, Abbott Park, IL, USA) with commercial kits. Multigent direct assays were used to estimate serum low-density lipoprotein cholesterol (LDL-C) levels (Abbott Laboratories). The whole measurement procedure was supported by the Department of Clinical Laboratory in the hospital. As a test of the Abbott Diagnostics C8000i autoanalyzer and multigent direct assay's precision, we measured blood from 15 individuals twice on the same day. The coefficient of variation for these subjects was 0.5% for FBG, 1.1% for PBG, 0.9% for HbA1c, 0.7% for TC, 1.2% for TG, 2.0% for HDL-C, and 1.5% for LDL-C.
Diagnosis criteria
FBG .7.0 mmol/L, PBG .11.1 mmol/L, and HbA1c .6.5% were used as the diagnosis criteria for T2DM. Subjects with a BMI $25 kg/m 2 were defined as overweight and those with a BMI $30 kg/m 2 were defined as obese.
Statistical analysis
Continuous variables were defined using median values and interquartile ranges (25th to 75th percentile) because they were not normally distributed. According to the China Adult Dyslipidemia Prevention Guide, variables were categorized as follows. We divided subjects into groups 
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Risk of T2DM in Chinese people using stratified BMI levels. Subjects were classified by BMI into #17.5 kg/m 2 , 17.5-20 kg/m 2 , 20-22.5 kg/m 2 , 22.5-25 kg/m 2 , 25-27.5 kg/m 2 , 27.5-30 kg/m 2 , 30-32.5 kg/m 2 , and .32.5 kg/m 2 . BMI of 22.5-25 kg/m 2 group was used as the reference to calculate hazard ratios (HRs) with 95% confidence intervals (CIs); HDL-C #1.15 mmol/L (1.54 mmol/L in males), $1.16 mmol/L (1.55 mmol/L in males); LDL-C ,3.1 mmol/L, $3.1 mmol/L; TC #2.8 mmol/L, 2.8-5.17 mmol/L, $5.17 mmol/L; and TG #0.56 mmol/L, 0.56-1.7 mmol/L, $1.7 mmol/L. For comparison of two unpaired groups, unpaired t-test was used for data that follow normal distribution and homogeneity of variances. Homogeneity of variances was tested using Levene's test. In case data were not normally distributed, nonparametric tests were used. Mann-Whitney and Kruskal-Wallis tests, respectively, were used for comparing two groups and more than two groups simultaneously. Groups for categorical variables were analyzed by chi-square or Fisher's exact tests. Logistic regression was used to explore the risk factors of T2DM. The Statistical Package for the Social Sciences software (Version 21.0; IBM Corporation, Armonk, NY, USA) was used for statistical analysis. Statistical significance was accepted for a P-value of 0.05.
Results
Basic characteristics of the subjects and a comparison between males and females are listed in Table 1 . Significant differences (P,0.001) in age, height, weight, BMI, waistline, hipline, FBG, PBG, creatinine, HDL-C, LDL-C, TC, alanine transaminase, aspartate aminotransferase, and glutamyltranspetidase were found between males and females.
According to the criteria, males and females were classified into two groups (diabetic and nondiabetic participants), and their characteristics are presented in Table 2 . Significant differences between diabetic and normal groups were found. The basic characteristics, including age, weight, BMI, waistline, FBG, PBG, HDL-C, and HbA1c, had significant differences between diabetic and normal subjects. Here we found that diabetic patients had lower levels of HDL-C but higher levels of TG compared with nondiabetic participants. There was a strong relation between diabetic patients and nondiabetic subjects in waistline (χ 2 =8.57, P,0.001) than in BMI (χ 2 =6.29, P,0.001).
Furthermore, after adjustment for BMI, logistic regression analysis revealed that the subjects of BMI #20 kg/m 2 and .30 kg/m 2 Figure 1A ). Among adults older than 65 years, both those with BMI #20 kg/m 2 and .30 kg/m 2 had a significantly elevated HR of diabetes compared with participants having 20-30 kg/m 2 ( Figure 1B ). 
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Cui et al After serum lipid was adjusted, Mann-Whitney and Kruskal-Wallis tests in Table 3 showed that diabetes was more prevalent in the class of lower HDL-C values (males: #1.15 mmol/L; females: #1.54 mmol/L) in both males and females. However, diabetes was more prevalent in the class of higher TG levels ($1.7 mmol/L) in females; no significant correlation between diabetes and TG was found in males. In this study, no relationships were found between LDL-C, TC levels, and diabetes. When a logistic regression analysis was performed with the presence of T2DM as a dependent variable, males with HDL-C levels #1.15 mmol/L and females with HDL-C levels #1.54 mmol/L were found to be associated with the presence of T2DM (males: odds ratio 1.64, 95% CI 1.17-2.34, P,0.01; females: odds ratio 1.92, 95% CI 0.92-2.05, P,0.01) compared with HDL-C levels $1.16 mmol/L in males and $1.55 mmol/L in females even after adjusting for sex, age, height, weight, BMI, waistline, and serum creatinine levels (Table 4 ). We also found that a high TG level was also associated with the presence of T2DM (males: odds ratio 1.02, 95% CI 0.74-2.02, P,0.05; females: odds ratio 2.33, 95% CI 0.67-2.39, P,0.05).
In both sexes, the correlation (r=−0.350 in males, r=−0.352 in females) between DM and FBG was higher than that between DM and other impact factors. Even both body Clinical Interventions in Aging 2016:11 submit your manuscript | www.dovepress.com
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Risk of T2DM in Chinese people weight and BMI were positively correlated with diabetes. The correlation (r=−0.56) between DM and BMI in both males and females was higher than that between DM and body weight (r=−0.48). The result showed that the correlation (r=−0.080) between DM and waistline in both males and females was higher than that between DM and BMI (r=−0.073). HDL-C (r=0.105 in males, r=0.091 in females) and TG (r=−0.043 in males, r=−0.108 in females) were correlated with DM in both males and females. These relationships are shown in Table 5 .
Discussion
The global population is currently undergoing an upward shift in its age structure due to decreasing fertility rate and increasing life expectancy. Meanwhile, the incidence of T2DM is increasing sharply and is becoming a serious public health problem. We investigated the relationship between BMI, waistline, and blood lipid profiles with T2DM to improve its diagnosis and prevention and reduce not only a significant economic and societal burden but also a social burden on individuals. 13 Standards for the definition of obesity using BMI in western countries and the Asia-Pacific region are not the same. A previous study showed that relative risk of T2DM predicted by BMI was 1.18 (95% CI 1. 16-1.20) , which increased with increasing BMI. 14, 15 BMI and waistline serve as parameters to estimate general and abdominal fat masses, respectively. It is well known that the abdominal fat mass is of particular importance in the development of not only T2DM but also other chronic diseases, including CVDs and some forms of cancer. 16, 17 A previous study in Germany has found high prevalence for obesity (23.9%) and increased waistline (39.5%; males .102 cm, females .88 cm). 18 However, there is a strong relation between the two parameters, and the terms "general" and "abdominal" obesity are not mutually exclusive but designate overlapping fat compartments. It is well known that waistline is a more exact measure of visceral fat in individuals. At the same time, increased waistline also has a high correlation with T2DM, which was found in our present study. Moreover, our present study found that excessively high or low levels of BMI have high correlation with T2DM, which further resulted to testify the discovery from Kuo et al. 19 In males, there were no significant differences between BMI and waistline in T2DM. On the contrary, waistline had higher correlation with T2DM than BMI in Chinese females. There was a significant difference between DM patients and non-DM subjects in waistline (χ 2 =8.57, P,0.001) than in BMI parameter (χ 2 =6.29, P,0.001).
A previous study concluded that persons with impaired glucose tolerance and T2DM have hypertriglyceridemia and increased HDL catabolism, which result in decreasing levels of HDL. 20 Many potential mechanisms could explain the inverse correlation between the hypertriglyceridemia of insulin-resistant states and increased HDL catabolism, leading to low plasma HDL concentrations. One possibility may be a reduction in lipoprotein lipase (LPL) activity, which would have the effect of impairing the maturation of HDL particles. The normal insulin-mediated stimulation of LPL activity has been shown to be blunted in insulin resistance. 21 In T2DM, particularly when glycemic control is poor in patients who are relatively insulin deficient, LPL activity is reduced. 22 Organs and tissues with lower blood glucose (BG) include the liver, adipose tissue, and muscle, and the liver is a key organ in 
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Risk of T2DM in Chinese people substance, energy, and hormone metabolism. In addition to lowering BG, the liver can also raise BG by breaking down glycogen. Thus, the liver plays a pivotal role in BG regulation.
In the present study, we found high prevalence of low HDL-C and high TG in T2DM patients, which is similar to and further demonstrates the findings from a previous study. 23 Our present study further confirmed the finding from a previous study 23 that the relationship between serum lipid profile deficiency and the incidence of T2DM could be closer than that between obesity/waistline and T2DM in Chinese subjects. In addition, abnormal BMI/waistline and lipid profile, especially HDL-C and TG together, increased the incidence of T2DM, suggesting the presence of an additive effect on T2DM risk.
Conclusion
To summarize, our study gives further insight into a comprehensive risk assessment for T2DM in Chinese people, increasing our understanding of the effect of waistline, BMI, and serum lipid profiles, including HDL-C, LDL-C, TC, and TG, on T2DM. We found that waistline and BMI are key important variables relating to T2DM. There also appears to be significant abnormal lipid metabolism in T2DM patients, and the same is true for people who have deficient serum lipid levels, especially the level of HDL-C and TG. These variables and correlations that indicate metabolism deficiency should be used in an effort to prevent and reduce the effect of T2DM.
